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schwab et al in 2010, including $29.5 billion in direct health care costs. 2 COPD is progressive and is characterized by persistent airflow limitation, chronic and progressive dyspnea, cough, and sputum production. 3, 4 COPD is complicated by exacerbations that have potentially serious health consequences such as reduction in lung function and health-related quality of life, as well as increased hospitalizations and mortality. 5 In addition to the inherent difficulties associated with COPD, individuals with this disease have a substantial comorbid disease burden. 5, 6 A study by Vanfleteren et al 6 reported that 97.7% of a cohort of 213 COPD patients had one or more comorbidities, with 53.5% of the patients reporting four or more comorbid conditions. Common comorbidities include hypertension, coronary atherosclerosis and other heart diseases, disorders of lipid metabolism, diabetes mellitus (DM), fluid and electrolyte disorders, cardiac dysrhythmias, esophageal disorders, respiratory failure, pneumonia, osteoporosis, and sleep apnea. [7] [8] [9] Furthermore, behavioral health conditions are common in patients with COPD, with up to 40% of patients experiencing depression and a similar proportion reporting anxiety. 10 Comorbidities present in patients with COPD have been associated with negative health impacts. For example, in patients with COPD and heart failure, an exacerbation may aggravate heart failure. 4 Such adverse outcomes have been shown to be more common in patients with COPD and comorbid congestive heart failure (CHF), hypertension, ischemic heart disease, and thoracic malignancies than in COPD patients without those comorbidities. 4, 8, 11 COPD causes systemic inflammation, as do a number of COPD comorbidities. 4 There is strong evidence that suggests that inflammation resulting from COPD increases the risk of developing heart disease and lung cancer, but the underlying mechanism is not yet understood. 12 Comorbidities are associated with higher overall cost of managing COPD patients. An increase in health care cost among COPD patients was demonstrated by Simon-Tuval et al, 13 in which a history of myocardial infarction, CHF, mild liver disease, and diabetes were identified as important cost drivers. Simon-Tuval et al also reported that patients with a higher comorbidity burden experienced higher health care costs.
It is evident that COPD is a complex disease to manage, especially in the presence of comorbidities. To further the understanding of the use of health care resources by COPD patients with comorbidities, we describe the comorbidity profiles of patients with COPD and examine the associations between the presence of specific comorbidities and health care resource utilization (HCRU) and costs. Results from this study may influence increased use of comorbidity profiles in future risk assessment for COPD patients. It may also guide payers, providers, and employers to design targeted disease management programs for COPD patients, by helping them identify specific comorbidities that may be linked to increased HCRU.
Methods

Design and data source
This retrospective observational study utilized an administrative claims database from a large US national health plan (Humana Inc., Louisville, KY, USA). Data from January 1, 2008, through December 31, 2012, were used. The database includes inpatient and outpatient medical, pharmacy and laboratory-related claims, and enrollment information for 12 million members participating in commercial insurance plans and Medicare Advantage plans with Prescription Drug benefits (MAPD). The study protocol, waiver of written informed consent, and waiver of authorization to use and disclose protected health information were approved by Schulman Institutional Review Board (Cincinnati, OH, USA), an independent institutional review board fully accredited by the Association for the Accreditation of Human Research Protection Programs (registration number is 00000971). This study followed the principles outlined in the Declaration of Helsinki.
Patient selection
Patients were eligible for inclusion in the study sample if they had 2 medical claims with a COPD diagnosis code ( December 31, 2010 . The index date was defined as the date of the first of two chronologically occurring medical claims with a COPD diagnosis code. To be eligible for inclusion in the study sample, patients were required to be 40-89 years of age at the index date and continuously enrolled in a commercial or MAPD plan for a 12-month period prior to index date (preindex period) and a 24-month period after index date (postindex period). Patients enrolled in an Administrative Services Only (ASO) or commercial plan with data sharing restrictions were excluded. Patients were also excluded from the study sample if they had 1 medical claim with any of the following ICD-9-CM diagnosis codes in any position during the study period: 277.0x (cystic fibrosis), 011.x (pulmonary tuberculosis), or 140.xx-172.xx, 174.xx-209.3x, and 209.7x (malignant neoplasms). 
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Measures of interest Comorbidities
Comorbidities were identified based on ICD-9-CM diagnoses and procedure codes appearing on patients' medical claims during the 12-month period prior to and the 12-month period following index date. All ICD-9-CM codes appearing on medical claims during the observation period were organized using the Agency for Healthcare Research and Quality (AHRQ) Clinical Classifications Software (CCS) 14 methodology, which enables clustering of all ICD-9-CM diagnoses and procedure codes into a manageable, multilevel set of clinically meaningful categories.
After organizing all ICD-9-CM codes according to the AHRQ CCS methodology, a total of 11 categories (comorbidities) were selected for analysis. Narrowing the list allowed for a more focused analysis and should facilitate interpretations by scientists, payers, and health care providers. A focused list of comorbidities should also allow for easier replication of analysis within other data sources. Prior to selection, AHRQ CCS categories were excluded for consideration if 1) they represented acute conditions; 2) the prefix "other" was part of the CCS category title as they comprised of rare conditions, acute conditions, and prior history codes; or 3) the CCS category represented diagnostic examinations and procedures, structural deformities, and surgical complications and procedures. Additionally, AHRQ CCS categories for hypertension and lipid disorders were excluded as they were not expected to meaningfully contribute to the analysis due to extraordinarily high prevalence of the conditions in this population. The final 11 comorbidities were selected after considering the prevalence of the remaining comorbidities in the study sample and a priori interest in certain comorbidities ( We referenced the Deyo-Charlson comorbidity index (DCCI) 15 and other sources to corroborate the selection of comorbidities. 7, [16] [17] [18] [19] [20] [21] [22] [23] [24] It was important to include obesity because rates have increased substantially over time in the general population, and associations between obesity and COPD outcomes have been observed although a paradox seems to exist where protective effects of obesity have also been observed. 17 Anxiety and depression are important comorbidities and may be related to poorer outcomes for COPD patients. 18 CHF, CAD, and CVA share tobacco abuse as a major risk factor, like COPD, and are leading causes of death among patients with COPD. 19, 20 CKD is a common condition for patients with COPD and is associated with high health care utilization. 21 Osteoporosis was included because of the related risk factors of smoking, age, and sedentary lifestyle and for the potential of osteoporosis to drive health care utilization. 22 Osteoarthritis was of interest because of relative prevalence and to distinguish from osteoporosis. T2DM is an important chronic condition with increasing prevalence in the general population and a greater prevalence in the population of patients with COPD. 20 Sleep apnea was specifically identified because patients with co-occurring COPD and sleep apnea, also known as overlap syndrome, may more likely experience a COPD exacerbation. 23, 24 hCrU and costs All-cause and COPD-related HCRU were assessed during the 24-month postindex period. HCRU was assessed in terms of emergency room (ER) visits, hospitalizations, and outpatient visits. The visits or hospitalizations were considered to be all-cause if they had 1 medical claim associated with it, irrespective of the diagnosis, and the visits or hospitalizations were considered to be COPD-related if they had 1 medical claim associated with it that satisfied at least one of the following conditions: 1) a COPD diagnosis code in the primary position, 2) a respiratory failure diagnosis code (ICD-9-CM code 518.81, 518. All-cause and COPD-related health care costs were also assessed during the 24-month postindex period; specifically pharmacy, medical, and total costs were assessed. All-cause pharmacy cost was computed using the costs related to all pharmacy claims. COPD-related pharmacy cost was computed using costs related to pharmacy claims for any of the following classes of medication: long-acting 
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schwab et al beta agonists, long-acting muscarinic antagonists, shortacting beta agonists, short-acting muscarinic antagonists, phosphodiesterase-4 inhibitors, oral corticosteroids, inhaled corticosteroids, or fixed-dose combinations, including budesonide-formoterol, fluticasone-salmeterol, and mometasone-formoterol. All-cause medical costs were computed using the costs related to medical claims for all-cause ER visits, hospitalizations, and outpatient visits. COPD-related medical costs were computed using the costs related to medical claims for COPD-related ER visits, hospitalizations, and outpatient visits (defined earlier). Total costs were defined as the sum of medical and pharmacy costs. Claims data for the years 2007 through 2012 were included for observations, so all costs were standardized to 2012 US dollars using the medical component of the Consumer Price Index.
25
Baseline patient characteristics
Baseline patient characteristics were assessed during the 12-month preindex period except as stated otherwise. Demographic characteristics including age (as of index date), geographic location, and gender were assessed. Clinical characteristics included DCCI, RxRisk-V comorbidity score, and influenza vaccination status. The DCCI uses 17 categories of comorbidities to calculate a score that reflects cumulative likelihood of 12-month mortality, and the RxRisk-V is a prescription claims-based comorbidity index that is determined based on identification of 42 distinct comorbid conditions via their associated medication treatments. 15, 26 RxRisk-V was developed to identify 45 conditions using medications and durable medical equipment (DME) categories, but the three DME categories were not included for the RxRisk-V calculation in this study. Higher scores for the DCCI or RxRisk-V indicate greater risk of mortality or other outcomes. HCRU was also assessed during the 12-month preindex period in terms of all-cause and COPD-related hospitalizations, ER visits, and outpatient visits.
Vaccination status for the influenza vaccine was assessed as null, partial, or full based on the number and timing of medical or pharmacy claims for influenza vaccines as follows: null, zero pharmacy or medical claims; partial, at least one pharmacy or medical claim; and full, at least two pharmacy or medical claims indicating an influenza vaccine and occurring at least 6 months apart during the postindex period. Vaccination status was determined based on postindex claims data because preindex vaccinations would have little effect on the risk of postindex outcomes. Status for the pneumococcal vaccine was not assessed since it is not recommended annually and the postindex observation period only spanned 24 months.
statistical analysis
Measures of interest were reported using summary statistics depending on the nature of the variable. Categorical variables were described using numbers and proportions, whereas continuous variables were described using mean (standard deviation [SD]), median, and interquartile range. Descriptive statistics for both HCRU and cost data were age adjusted. Data from the 2011 Behavioral Risk Factor Surveillance System 27 (Centers for Disease Control) provided estimates of the age distribution of the US population of patients (age 40-89 years) with COPD. HCRU and cost data were weighted such that the age distribution of the study sample reflected the US COPD population to provide more generalizable estimates.
Multivariate statistical analyses were conducted to assess the associations between the presence of comorbidities of interest (mentioned above) and crude HCRU and crude costs using generalized linear models (GLM) with log link and negative binomial variance functions for utilization models, and with log link and gamma variance functions for cost models. Age, gender, geographical location, influenza vaccination status, RxRisk-V score, and preindex HCRU (all-cause and COPD-related hospitalizations, all-cause outpatient, and ER visits) were included as model covariates in the multivariate statistical analyses. The GLM results included parameter estimates that were exponentiated to illustrate mean HCRU or cost ratios along with 95% confidence intervals (CIs). Mean ratios were interpreted as evidence of increased HCRU or cost (mean ratio 1.0) or decreased HCRU or cost (mean ratio 1.0) among patients with the characteristic of interest in relation to those without the characteristic. Analyses of data were conducted using SAS version 9.1.
Results
A total of 255,973 patients with a COPD diagnosis were identified within the study identification period. Approximately 20% (n=52,643) of these patients satisfied all patient selection criteria and were included in the final study sample (Figure 1 ).
Mean patient age was 70.6 years (median, 71 years), and the study sample was 55% female (Table 1) . A majority (68.8%) of the study sample resided in the southern region of the US. Mean DCCI and RxRisk-V scores were 2.0 (median, 1.0) and 6.1 (median, 6.0), respectively. Partial Table 2 . More than 92% of the study sample had at least one of the 11 comorbidities. CAD, osteoarthritis, and T2DM were each observed among 40% of the study sample.
More than half (55.2%) of the study sample had at least one all-cause hospitalization, and 50.3% had at least one allcause ER visit (Table 3) in the 24-month follow-up period. At least one COPD-related outpatient visit, hospitalization, or ER visit was experienced by 68.9%, 22.1%, or 9.4% of the patients, respectively.
Mean (SD) total all-cause health care costs per year were $15,463 ($6,702), of which $12,272 ($6,299) were medical costs and $3,610 ($1,937) were pharmacy costs (Table 4) . Mean total COPD-related costs were $2,088 ($1,527), with medical costs of $1,397 ($1,394) and pharmacy costs of . Total COPD-related costs represented 13.5% of total all-cause health care costs but also represented a disproportionately lower share of all-cause medical costs (11.4%) and a disproportionately higher share of all-cause pharmacy costs (21.7%).
Results of the multivariate analyses suggested that the presence of each of the 11 comorbidities of interest was associated with higher numbers of all-cause hospitalizations during the postindex period (Table 5) . Specifically, having any of the comorbidities of interest was associated with a higher number of all-cause hospitalizations compared to not having that particular comorbidity. CHF, CAD, and CVA had the strongest associations with higher numbers of all-cause hospitalizations (mean ratios 1.30 and P0.0001, Table 5 ). Number of allcause hospitalizations was 56% higher for those with CHF, 32% higher for those with CAD, and 30% higher for those with CVA compared to patients without these comorbidities.
Having a comorbidity of interest (except osteoarthritis, CKD, and obesity) was also associated with a higher number of COPD-related hospitalizations compared to not having that comorbidity; CHF, anxiety, and sleep apnea had the strongest associations (mean ratios 1.21 and P0.0001, Table 5 ). Numbers of COPD-related hospitalizations were 101% higher with CHF (mean ratio: 2.01, 95% CI: 1.92, 2.10), 32% higher with anxiety disorders (mean ratio: 1.32, 95% CI: 1.25, 1.38), 21% higher with sleep apnea (mean ratio: 1.21, 95% CI: 1.14, 1.27), 20% higher with CAD (mean ratio: 1.20, 95% CI: 1.14, 1.25), 17% higher with depressive disorders (mean ratio: 1.17, 95% CI: 1.12, 1.23), 16% higher with osteoporosis (mean ratio: 1.16, 95% CI: 1.10, 1.22), 14% higher with CVA (mean ratio: 1.14, 95% CI: 1.09, 1.19), and 5% higher with T2DM (mean ratio: 1.05, 95% CI: 1.00, 1.10) as compared to patients without the specific comorbidity (Table 5) . CKD, obesity, and osteoarthritis were not associated with higher numbers of COPD-related hospitalizations, even though they were associated with higher numbers of all-cause hospitalizations (P0.0001, Table 5 ).
Comorbidities of interest (except obesity and CKD) were associated with higher all-cause health care costs based on multivariate analyses (Table 6 ). Comorbid CHF, CVA, and CAD had the strongest associations (mean ratio 1.23, Table 6 ). All-cause health care costs were 54% higher for those with CHF, 30% higher for those with CVA, and 23% higher for those with CAD when compared to patients without these comorbidities.
The COPD-related total costs model also indicated that higher costs were associated with certain comorbidities: 67% higher with CHF (mean ratio: 1.67, 95% CI: 1.61, 1.74), 42% higher with sleep apnea (mean ratio: 1.42, 95% CI: 1.36, 1.49), 18% higher with anxiety disorders (mean ratio: 1.18, 95% CI: 1.13, 1.23), and 8% higher with osteoporosis 
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COPD and comorbid conditions: impact on utilization and cost (mean ratio: 1.08, 95% CI: 1.04, 1.13), while lower costs were associated with other comorbidities: 29% lower with CKD (mean ratio: 0.71, 95% CI: 0.68, 0.73), 15% lower with osteoarthritis (mean ratio: 0.85, 95% CI: 0.83, 0.88), 10% lower with obesity (mean ratio: 0.90, 95% CI: 0.86, 0.94), 9% lower with T2DM (mean ratio: 0.91, 95% CI: 0.87, 0.94), and 8% lower with CVA (mean ratio: 0.92, 95% CI: 0.89, 0.95) as compared to patients without the specific comorbidity (Table 6 ). Depressive disorders and CAD were not associated with higher COPD-related total costs, even though they were associated with higher all-cause health care costs (P0.0001, Table 6 ). Presence of comorbid CAD had one of the strongest associations with all-cause health care costs, although it was not associated with COPD-related costs (Table 6 ).
Discussion
This study identified comorbid conditions in patients with COPD and evaluated the possible impact of specific comorbidities in terms of HCRU and costs. In agreement with a previous study by Vanfleteren et al 6 who reported high prevalence of comorbidities in patients with COPD, the current study found that 92% of patients had at least one of the 11 comorbidities examined in this study. These comorbidities included CAD, osteoarthritis, T2DM, CHF, CVD, depressive disorders, CKD, and anxiety disorders. Another study, which was conducted by Mapel et al, 28 assessed comorbidities in COPD patients using a Medicare-managed care database and found that prevalence of comorbidities was lower than reported for our study: CVA (20.5% vs 27.3%), diabetes (28.8% vs 40.9%), heart failure (33.8% vs 27.6%), depression (9.4% vs 26.9%), kidney disease/abnormal kidney function (21.9% vs 25.8%), and osteoporosis (11.7% vs 20.1%). 28 Potential reasons for these differences could be due to the differences in the study design. While we assessed comorbidities over a 24-month period, the Mapel et al study utilized a maximum of a 12-month period to identify the presence of comorbidities.
High HCRU was observed in this current study; nearly, all patients had at least one all-cause outpatient visit and about half of the patients in our study had at least one all-cause hospitalization or ER visit during the 24-month postindex period. Approximately two-thirds (68.9%) of the patients had at least one COPD-related outpatient visit, and 22.1% and 9.4% of the patients had at least one COPD-related hospitalization and ER visit, respectively. Mean all-cause total health care costs were $15,000 per year of which ~13% of the costs were COPD related. These results are not In our study, we report an association between the presence of comorbidities and all-cause and COPD-related hospitalizations and health care costs. All comorbidities assessed were associated with a higher number of all-cause and COPD-related hospitalizations (except CKD, osteoarthritis, and obesity). CHF, CAD, and CVA had the strongest associations with all-cause hospitalizations, whereas CHF, anxiety, and sleep apnea had the strongest associations with COPD-related hospitalizations. All comorbidities assessed (except obesity and CKD) were associated with higher allcause health care costs, while CHF, sleep apnea, anxiety, and osteoporosis were associated with higher COPD-related health care costs.
The results of this study are generally consistent with prior research, ie, COPD patients with comorbidities are likely to incur higher HCRU and costs compared to COPD patients without comorbidities. [29] [30] [31] The study by Lin et al 29 analyzed COPD patients in a Medicaid-insured population and reported that diabetes, CHF, depression, and CVA were each associated with higher all-cause HCRU and costs. In 
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COPD and comorbid conditions: impact on utilization and cost contrast to our study, they did not observe an increase in all-cause HCRU with sleep apnea. Another study by Dalal et al 30 reported increased all-cause and COPD-related HCRU and costs in COPD patients with depression/anxiety in a commercially insured population. However, comorbidities assessed in prior studies are different, and no single study captured all comorbidities evaluated in the current study and assessed the association between all-cause and COPD-related HCRU and costs. The differences can also be attributed to those in study design and population. Therefore, no direct comparisons can be made between the current study and the previously published studies.
The current study offers a comprehensive assessment of comorbidities present in COPD patients and their association with all-cause and COPD-related HCRU and costs in a predominantly Medicare population. More than half of the US COPD population is 65 years or older, and 51% of the medical costs attributable to COPD in US are paid for by Medicare, so evaluations of comorbidities, HCRU, and costs in this population segment are particularly important. 2, 32 Furthermore, the study concludes that specific comorbidities were associated with higher HCRU and costs based on real-world observations. Payers (managed care providers or self-insured employers) and health care providers may use information from this study to develop enhanced COPD patient risk assessment protocols, as well as tailored therapeutic interventions for improved management of patients with specific comorbidities or possibly to invest in methods of prevention. In addition to a general understanding of the associations of comorbidities with HCRU and costs, this study quantifies the actual and relative impact of these comorbidities. Quantification allows decision-makers to identify the expected costs related to a specific mix of comorbidities. Quantified data on HCRU and cost may also enhance modeling of potential return on investments for prevention programs.
In particular, vascular diseases (CHF, CAD, and CVA) were highly prevalent in the study sample and were related to greater hospitalizations. Given that COPD and these comorbidities, among others analyzed for the study, are derived from similar risk factors, especially smoking, there may be opportunity for payers to invest more in prevention strategies, like tobacco cessation, as a strategy to curtail multiple comorbid conditions. Physicians can support or lead in efforts, like tobacco cessation, for prevention of vascular diseases and respiratory diseases as well.
Limitations of this study are consistent with studies based on health care administrative claims analysis. Generalizing the study findings to the entire US population should be approached with caution as this study assessed a predominantly Medicare population. As in other administrative claims analysis, coding errors and miscoding may have influenced patient identification and results interpretation. The potential for selection bias in the study sample exists as all patients included in the study were required to have at least 3 years of continuous insurance coverage. The claims data lack clinical information such as lung function tests used for confirmation of COPD diagnosis and assessment of disease severity, leading to a potential misclassification. Even though statistically significant associations and temporal associations can be established, causal relationship cannot be determined.
Conclusion
The presence of specific comorbidities among COPD patients pose a significant health care burden with higher HCRU and costs compared to COPD patients without these comorbidities. Payers or providers can use these findings to identify patients at greater risk of acute HCRU by assessing comorbidity profiles in an effort to target COPD care management resources. Insights from this study may also enable payers to develop more holistic disease management programs and support services to more efficiently or effectively impact patients' quality of life while managing costs.
